Meishan, Fengjing, Minzhu, and Duroc boars were mated by AI to crossbred gilts to compare the sire breeds for effects on productivity of their mates and performance of their progeny.
Introduction
Based on 11 performance characteristics, Li and Enfield (1989) grouped 75 Chinese breeds of swine into six types with the method of hierarchical cluster analysis. One group was characterized by high reproduction and average size. This group consisted of the Meishan, Fengjing, Erhualian, and 'Appreciation is expressed to Brad Freking for data analysis. 2Roman L. Hruska U S . Meat Anim. Res. Center, P.O. Box J. Anim. Sci. 1992 Sci. . 70:2020 Sci. -2029 Jiaxing Black from the Taihu area around Shanghai and the Minzhu from northeastern China.
Research in France substantiated the superior reproductive characteristics of Meishan and Jiaxing Black (Legault and Caritez, 19831. Unfortunately, these breeds have such severe disadvantages in rate of growth of lean tissue and carcass composition that use of one-half or one-quarter Chinese sows did not result in a n economic benefit to the producer under French marketing conditions (Legault et al., 1985) . In 1987, Meishan were imported into the United Kingdom and early research results supported the French data .
Meishan, Fengjing, and Minzhu were imported into the United States in 1989 (Rothschild et al., 19901. Research results from Europe on the Meishan are useful but extrapolation to U S . swine
Experimental Procedures
Populations A total of 144 pigs (66 Meishan gilts, 33 Meishan boars, 24 Fengjing boars, and 21 Minzhu boars) were imported from the People's Republic of China in 1989 under a cooperative agreement involving the Agricultural Research Service, US. Department of Agriculture, the University of Illinois, and Iowa State University. After a n extensive quarantine, the pigs were distributed to the cooperating stations. There were 10, 8, and 7 families approximately equally represented in the Meishan, Fengjing, and Minzhu, respectively. Pigs were declared to be from different families if they had no grandparents in common. In general, each station received one male from each family in each breed and two females from each family in the Meishan. All pigs within a family were not from the same sire and dam and may be related only through a grandsire; thus, the genetic diversity of the total importation was greater than that indicated by the number of families. There were 33 grandsires, 47 grandams, 17 sires, and 46 dams included in the pedigrees of the imported Meishan males and females. In the pedigrees of the 24 imported Fengjing boars there were 22 grandsires, 24 grandams, 9 sires, and 17 dams. The pedigrees of the 21 imported Minzhu included 21 grandsires, 21 grandams, 10 sires, and 14 dams.
The nine Meishan boars in this study were descendants of 16 grandsires, 16 grandams, 8 sires, and 9 dams. The eight Fengjing boars in this study were descendants of 15 grandsires, 16 grandams, 8 sires, and 8 dams. There were 14 grandsires, 14 grandams, 7 sires, and 7 dams in the pedigrees of the seven Minzhu boars in this study.
Eight Duroc boars were purchased from a single source because of health considerations. They were descendants of 12 grandsires, 16 grandams, 8 sires, and 8 dams. One male was a sire in one pedigree and a grandsire in another pedigree. One Duroc boar had the same maternal and paternal grandsire and thus had an inbreeding coefficient of 12.5%. There were 43 out of the potential 48 unique individuals represented in the parent and grandparent generations of the pedigrees of the eight Duroc boars.
Gilts were from advanced generations of a n inter se-mated, composite population derived from a crossbred foundation with equal genetic contributions from Chester White, Landrace, Large White, and Yorkshire (Young et al., 1989) .
Herd Management
Crossbred gilts that were approximately 8 mo of age were monitored daily for estrus. Gilts were inseminated twice with fresh semen from one boar at 12-h intervals starting on the 1st d of estrus. In most cases, a single ejaculate was diluted and split into two inseminations for the same gilt. The entire undiluted ejaculate was used for some boars with a low sperm concentration and another ejaculate was obtained for the second insemination. Artificial insemination was practiced because the boars were being trained for use in a semen evaluation experiment, which was facilitated by training boars to mount a "dummy sow" for semen collection (Christenson and Lunstra, 1990) ; allowing natural service may have interfered with the training. Littermate gilts were bred to different breeds of boar to the extent possible. All boars within a breed were used as equally as possible. There were two 6-wk breeding seasons; one started September 27, 1989 , and the other March 28, 1990. The same boars were used in both seasons. One Meishan and one Minzhu boar sired litters only in the first season. One Duroc boar produced live pigs only in the first season. All other boars were represented by live progeny in both seasons.
Gilts were housed in confinement during gestation. At 110 d of gestation, they were moved to a farrowing house equipped with farrowing crates.
Pigs were weighed within 12 h of birth. At approximately 14 d (mean = 13.9, range = 13 to 15, SD = ,301 pigs were individually weighed and given access to creep feed, and males were castrated. Pigs were weighed and weaned at approximately 28 d of age (mean = 28.0, range = 26 to 29, SD = ,231 and moved by litter to an environmentally controlled nursery pen (.9 m x 2.1 m). One-half of the nursery pens had raised, expanded-metal floors. The other half of the pens had slats at both ends and a solid concrete center. The number of pens in the nursery was less than the number of litters; thus, some litters were combined. Pen feed consumption was recorded in the nursery. Barrow pens were in a n environmentally controlled building. calculated by summing the days for all pigs in the pen including pigs that died. Similarly, total weight gain for any feed consumption interval was calculated by summing the weight gain for all pigs in the pen including pigs that died. Daily feed consumption was calculated for each pen and interval by dividing total feed consumed by total pig-days; feed efficiency was calculated by dividing total weight gained by total feed consumed. Feed records over the intervals 14 to 28 d and 28 to 56 d of age were kept for litters; records on mixed litters were excluded from the analyses. Feed records during the finishing period were collected on pens of pigs from the same breed of sire from more than one litter; most littermates were in the same pen.
Before statistical analyses, the weights of each pig were adjusted to 56, 70, 98, 126, and 154 d of age using its own ADG measured in the preceding age interval.
Backfat measurements of gilts were recorded about 2.5 cm off the midline at the first rib, last rib, and last lumbar vertebrae. Pigs were suspended in a special crate and scanned ultrasonically (Scanoprobe Model 731A, Ithaco, Ithaca, NY). The average of the three measurements was analyzed.
Statistical Analyses
Data were analyzed using least squares mixedmodel procedures (Harvey, 1985) . Reproductive traits (Table 11 of gilts were analyzed with a model that included the effects of breed of sire of litter, sire within breed of sire, farrowing season, and the interaction of breed of sire and farrowing season. Sire within breed of sire of litter was assumed to be random and all other effects were assumed to be fixed. Breed of sire effects were tested against sire within breed of sire; thus, levels of significance of breed of sire effects are considered approximations. All other effects in the model were tested against the residual mean square. This was the basic model for all traits. The fixed effect of sex and its interaction with breed of sire and farrowing season were added to the basic model when analyzing number of nipples, survival, ADG, and BW up to 56 d of age measured on individual pigs.
The fixed effects of number of pigs per litter and its interaction with breed of sire were added to the basic model for analyzing ADG per pig, daily feed consumption per pig, and feed efficiency during the intervals 14 to 28 d and 28 to 56 d of age. Feed consumption data were collected on a litter basis and included only litters that did not receive transferred pigs or were not mixed in the nursery. Thus, this measure of ADG is on a sample of pigs but is required to fully evaluate the feed consumption and feed efficiency data.
Body weight, ADG, and feed efficiency measured at 28-d intervals from 70 to 154 d of age were considered to be single traits. The fixed effects of sex and age (70, 98, 126 , and 154 dl and two-way interactions with other fixed effects were added to the basic model for body weight. The fixed effects of sex and interval (70 to 98, 98 to 126, and 126 to 154 d) and two-way interactions with other fixed effects were added to the basic model for ADG, daily feed consumption, and feed efficiency. Because of limits on number of pens and the number of pigs required per pen, it was necessary to mix litters from different sires during the finishing period. Because pen was the experimental unit, sire within breed of sire was not included in the model for daily feed consumption and feed efficiency; thus, for these traits all effects were considered fixed and tested with the residual mean square. The covariate, weight at backfat measurement, and its interaction with breed of sire were added to the basic model for age at backfat measurement. Backfat thickness averaged over the three locations was analyzed with the basic model plus weight at backfat measurement as a covariate. The interaction of weight a t backfat measurement with breed of sire was not significant for average backfat thickness, thus it was not included in the final model for average backfat thickness.
All possible linear contrasts were made among breed of sire means if the F-test for breed of sire was significant a t P .05; contrasts were among breed of sire within subclass for significant interactions (P c .05). This is equivalent to a t-test. The overall Type I error rate is restricted because comparisons among means were made only if the F-test was significant.
Results

General
Results of the least squares analyses are presented in Tables 1 to 5 . Levels of significance are presented for breed of sire and sire within breed of sire sources of variation. Because the objective of this experiment was to compare the four breeds of sire, least squares means and SE are presented for the main effect of breed of sire or the interaction subclasses when interactions involving breed of sire were significant at P e .05. Other main effects, nonsignificant interactions involving breed of sire, and interactions not involving breed of sire will not be discussed or presented because they are not pertinent to the objective of this paper and have been documented in numerous reports.
Productivity of Gilts
Least squares means, average SE, and levels of significance for productivity traits of gilts when mated to Duroc, Meishan, Fengjing, and Minzhu boars are presented in Table 1 Although the differences were not significant, Meishan-sired pigs had the highest and Durocsired pigs had the lowest survival at birth. Minzhu-sired pigs had a lower survival rate to 14 and 28 d of age than those sired by Meishan, Fengjing, and Duroc; the difference between Duroc and Minzhu for survival to 28 d was not significant. Table 3 presents the results of least squares analyses of ADG, daily feed consumption, and feed efficiency measured on litters from 14 to 28 and 28 to 56 d of age. The litters and pigs contributing to these data differ from those contributing to data in Table 2 because these data do not include litters that were mixed or received transferred pigs. The extent of this reduction can be evaluated by comparing the number of litters contributing data in Table 3 to the total number of litters farrowed in Table 1 . Sire within breed of sire was not significant for daily gain, daily feed consumption, or feed efficiency during either interval when measured on a litter basis.
Pen daily gains ( 
Traits Measured During the Finishing Period
The results of the least squares analyses of BW and ADG measured at 28-d intervals from 70 to 154 d of age are reported in Table 4 . Sire within breed of sire and breed of sire effects were important (P < .01) for BW and ADG. Interactions of breed of sire with sex and with age (70, 98, 126, and 154 d1 or interval (70 to 98, 98 to 126, and 126 to 154 d1 were significant for BW and ADG. Three-way interactions between breed of sire, sex, and age or interval were nonsignificant. Thus, least squares means for the subclasses in the significant twoway interactions are presented in Table 4 .
The interaction of breed of sire and age for BW was due to a change in rank of breeds. Minzhu; Fengjing-sired barrows were heavier (P < ,051 than Minzhu-sired barrows. Breed rankings and significant differences for ADG of gilts were the same as for BW. However, Duroc-sired barrows grew significantly faster than Meishan-sired barrows, which grew faster than barrows sired by Fengjing or Minzhu ( P c .051. The interaction of sex with breed of sire may result partially from breed differences in age at puberty. Meishan-and Fengjingsired gilts averaged 140 d of age at puberty, whereas Minzhu-and Duroc-sired gilts averaged 180 and 215 d of age, respectively (Young, unpublished data) . The behavioral changes associated with estrus may have affected growth of gilts in some breed groups more than others. Average backfat thickness of gilts at 99.7 kg was lowest (P < .051 for Duroc-sired gilts and highest (P .05) for Meishan-sired gilts; Fengjing-sired and Minzhu-sired gilts were intermediate and significantly different from the other two breeds. Average age of gilts at 99.7 kg was lowest (P < .051 for Duroc and highest (P < .05) for Fengjing and Minzhu; Meishan was significantly different from the other three sire breeds.
The interaction of breed of sire and sex was not significant for daily feed consumption or feed efficiency. Barrows consumed .411 kg more feed per day (P < . O l l and produced ,0247 kg less gain Table 4 . Least squares means, standard errors, and levels of significance for breed of sire effects, level of significance for sire effects, and mean squares for sire and residual effects on body weight and daily gain of barrows and gilts from 70 to 154 days of age and backfat thickness and age at 99.7 kilograms of gilts *Standard errors of the breed of sire means. bLevels of significance (P-value) for breed of sire effects are approximate. Breed of sire x age and breed of sire x sex were .05) were significant for daily gain. CBackfat thickness was measured on gilts only and represents the average of measurements taken at three locations because d,e,f,gMeans in a row without a common superscript differ (P c ,051. significant (P < ,011 for BW. Breed of sire x interval (P < .01) and breed of sire x sex (P location x line was not significant. bStandard errors of the breed of sire means.
crd,eMeans in a row without a common superscript differ (P c ,051.
per kilogram of feed ( P < .01) than did gilts h o t tabulated). Breed of sire and the interaction of breed of sire with interval were significant for daily feed consumption and feed efficiency; therefore, the interaction subclass means are presented in 
Discussion
The Meishan and Fengjing are two of the four strains or breeds normally included under the general name of Taihu pigs; the other two Taihu breeds are the Jiaxing Black and Erhualian (Cheng, 1983) . The Taihu pigs are distributed around Tai Lake in the Provinces of Jiangsu, Shanghai, and Zhejiang in the People's Republic of China (PRC). These breeds have very similar performance characteristics and are well known for their early sexual maturity and large litters ICheng, 1983; Xu, 1985; Zhang et al., 1986; Wang, 1988; Li and Enfield, 1989) . The reproduction of the imported Meishan females in the United States supports the data from PRC (Rothschild et al., 1990; Hsieh et al., 19911 . The Minzhu and possibly the Bamei, from northern China, are the only other breeds in China that approach the reproductive performance of the Taihu pigs (Zhang et al., 1986; Li and Enfield, 1989) . According to Zhang et al. (19831, there may have been movement of germ plasm between Minzhu and the Taihu pigs some 500 yr ago.
There have been few direct experimental comparisons of the Taihu and Minzhu in the PRC. Because of their geographical separation and political policies, each research location normally had only one breed. However, some survey data and incomplete experimental data are available. The Meishan and Fengjing averaged one to two more pigs per litter than Minzhu (Zhang et al., 1983 (Zhang et al., , 1986 Wang, 1988) . The Taihu pigs also reached puberty approximately 1.5 to 2.5 mo earlier (Cheng, 1984; Xu, 19851 and had two to four more nipples than did Minzhu (Cheng, 19841. However, the Minzhu grew faster and produced a higher percentage of lean in the carcass than Taihu pigs (Zhang et al., 1983 (Zhang et al., , 1986 Wang, 1988) .
In this study, differences among sire breed means result from differences in direct additive breed, specific heterosis, and paternal effects. Assuming that crosses between less-related breeds will result in more heterosis, specific heterosis for crosses involving the Chinese breeds would be larger than crosses involving the Duroc. Specific heterosis and direct additive breed effects should be similar for Meishan and Fengjing, which may differ from the Minzhu.
The positive effect of Meishan boars relative to Western breeds of boars on the litter size of gilts has not been reported previously. The differences seen in this study cannot be explained by differences in semen characteristics. Evaluating semen from the boars used in this study, Christenson and Lunstra (1990) reported no differences in percentage of progressive motility, live sperm, normal acrosomes, normal heads, normal tails, or sperm with proximal droplets. Sperm concentration and total sperm per ejaculate were higher in Duroc than in Chinese boars. Bidanel et al. (1989) reported results of a diallel crossbreeding study involving Meishan and Large White. Meishan, Meishan x Large White, and Large White x Meishan females produced larger litters when mated to Large White boars than when mated to Meishan boars; the opposite was true for Large White females. Based on 231 litters farrowed over 5 yr at this location, the mean number of pigs born and weaned from the genotype of gilt used in this study was 9.52 and 8.01, respectively, when mated to the same genotype of boar (Young et al., 1989) . These latter values are intermediate to the corresponding values of 8.81 and 7.48 for Duroc-sired litters and 9.99 and 9.17 for Meishan-sired litters in this study. Thus, the differences in litter size of Meishan vs Duroc sires may reflect chance variation around the population mean rather than true genetic differences.
The number of nipples for Meishan and Fengjing crosses are in general agreement with the observations of Legault and Caritez (1983) . The number of nipples for crosses of all three Chinese breeds are as expected based on values for purebreds in China (Zhang et al., 1983; Cheng, 1984) . Hsieh et al. (1991) reported weights from birth to 28 d of age for pigs produced by mating Meishan females to Meishan, Fengjing, Minzhu, Hampshire, and Landrace boars. At birth, pigs from Hampshire and Landrace boars were heavier than those from Chinese boars. Weight at 28 d of age was 5.66, 5.88, 6.00, 6 .04, and 6.1 1 kg for pigs from Meishan, Minzhu, Hampshire, Landrace, and Fengjing boars, respectively; only the difference between Meishan and Fengjing was significant.
The advantage of pigs sired by the Taihu breeds (Fengjing and Meishan) over pigs sired by Duroc in BW from 14 to 98 d of age was somewhat surprising considering the very poor growth of these Chinese breeds as purebreds (Cheng, 1983; Xu, 1985; Zhang et al., 1986; Wang, 1988; Li and Enfield, 1989) . This advantage at early ages may be due to a higher level of heterosis in Chinese crosses than in Duroc crosses. Bidanel et al. (1990) reported very little individual heterosis for birth weight and 21-d weight but individual heterosis was 187 g/d for gain from 73 to 154 d of age for crosses among Meishan and Large White in France; this was approximately three times the average individual heterosis value of 60 g/d reported by Johnson (1980) for crosses among breeds in the United States and Canada. D'Agaro et al. (1990) reported heterosis estimates of 50 and 104 g/d for postweaning ADG in crosses between Large White and Meishan from two research locations in the United Kingdom. Legault et al. (1985) and Geublez et al. (1987) reported that 1/4 Chinese pigs grew more slowly, had poorer feed conversion, and were fatter than European controls.
The poor growth of the Minzhu crosses relative to the Meishan and Fengjing crosses was in disagreement with data from China that indicated that the Minzhu purebreds grew faster than Meishan or Fengjing purebreds (Zhang et al., 1983; Wang, 1988) . This discrepancy may result from greater heterosis in Meishan and Fengjing crosses than in Minzhu crosses. However, the comparisons in China may also be biased by incomplete experimental controls.
Implibations
Results showed that pigs sired by Meishan, Fengjing, and Minzhu were similar or superior to pigs sired by Duroc for survival and growth through 70 d of age; thereafter, pigs from Duroc sires grew faster. However, pigs sired by Chinese breeds were fatter at 99.7 kg and had poorer feed conversion during the finishing period. Results indicate that use of these Chinese breeds in crossbreeding programs will decrease performance traits. Final determination of the role of these Chinese breeds in commercial production will depend on their effects on carcass and reproductive traits.
